i i 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 07-321222 



(43)Date of publication of application : 08.12.1995 



(51)lnt.CI. H01L 21/8238 
HO 1L 27/092 
H01L 29/78 



(21) Application number : 07-097158 (71)Applicant : INTERNATL BUSINESS 
MACH CORP <IBM> 

(22) Date of filing : 21 .04.1995 (72)lnventor : ISMAIL KHALED E 



STERN FRANK 



(30)Priority 

Priority number : 94 246549 

Priority date : 20.05. 1 994 
Priority country : US 



(54) CMOS TRANSISTOR LOGIC CIRCUIT USING STRAIN SI/SIGE HETERO 
STRUCTURE LAYER 

(57)Abstract: 

PURPOSE: To enable both an n-type device and a p-type device to be formed 
as a common planar structure, by forming a semiconductor layer receiving a 
tensile strain and a semiconductor layer receiving a compressive strain on a 
semiconductor substrate. 

CONSTITUTION: A field effect transistor has a planar hetero structure 22 



composed of a plurality of layers 23. The planar hetero structure 22 consists of a 
first ease Sit-xGe layer 34 of a Ge molar fraction (x) in a range of 0.2-0.5, an Si 
layer 32 receiving a tensile strain, a thin ease layer SiGe layer 40, and an SiGe 
layer 30 receiving a compression strain and having a Ge molar fraction (y) in a 
range of 0.5-1 .0. In this case, y-x is larger than 0.2. The Si layer 32 receiving the 
tensile strain acts as an n-type channel for an n-type field effect transistor, and 
the SiGe layer 30 receiving the compressive strain acts as a p-type channel for a 
p-type field effect transistor. Therefore, the n-type device and p-type device can 
be utilized as a common planar structure. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the layer structure for both n mold field-effect transistor and p mold 
field-effect transistors A semi-conductor substrate and the 1st relaxation 
Si1-xGex layer the range of whose germanium molar fraction x is 0.20 thru/or 0.5 
and by which epitaxial formation was carried out on said substrate, The 2nd n 
dope Si1-xGex layer by which epitaxial formation was carried out on said 1st 



layer, The 3rd non-doping Si1-xGex layer by which epitaxial formation was 
carried out on said 2nd layer, The 4th layer which has the presentation chosen 
from the group which consists of silicon, germanium, silicon germanium, and 
those alloys, and epitaxial formation is carried out on said 3rd layer, and 
receives a tension strain, The range of the 5th relaxation Si1-xGex layer by 
which epitaxial formation was carried out on said 4th layer, and the germanium 
molar fraction y is 0.5 thru/or 1.0, and y-x is larger than 0.2. By it Layer structure 
which consists of the 6th Si1-yGey layer which receives a compressive strain, 
the 7th relaxation Si1-xGex layer by which epitaxial formation was carried out on 
said 6th layer, the 8th silicon layer by which epitaxial formation was carried out 
on said 7th layer, and the 9th dielectric material layer formed on said 8th layer. 
[Claim 2] Furthermore, layer structure according to claim 1 characterized by 
including the 10th polish recon layer which was formed on said 9th dielectric 
material layer, and was patternized by lithography in order to form a gate 
electrode. 

[Claim 3] Furthermore, layer structure according to claim 2 characterized by 
including p mold field from said 6th layer to said 8th layer in the both sides of at 
least one gate electrode in order to form p mold field-effect transistor. 
[Claim 4] Furthermore, layer structure according to claim 2 characterized by 
including the source field and drain field of p mold which are located in said 2nd 



layer at least. 

[Claim 5] Furthermore, layer structure according to claim 2 characterized by 
including n mold field from said 4th layer to said 8th layer in the both sides of at 
least one gate electrode in order to form n mold field-effect transistor. 
[Claim 6] Furthermore, layer structure according to claim 2 characterized by 
including the source field and drain field of n mold which are located in said 4th 
layer at least. 

[Claim 7] Furthermore, layer structure according to claim 3 characterized by 
including n mold field from said 4th layer to said 8th layer in the both sides of at 
least one gate electrode in order to form n mold field-effect transistor. 
[Claim 8] Furthermore, layer structure according to claim 7 characterized by 
including a means to interconnect said gate electrode, said p mold field, and said 
n mold field in order to form a CMOS logical circuit. 

[Claim 9] In the planar semi-conductor structure which forms an electronic carrier 
channel and an electron hole carrier channel Two or more semiconductor 
material layers which have the presentation chosen from the group which 
consists of a single crystal substrate, silicon, germanium, silicon germanium, 
and those alloys and which were formed on said substrate, and a tension strain 
are received. By it Inside [ it is said layer which makes a conduction band lower 
than Fermi level ] receives the 1st layer and a compressive strain at least. By it 



In order [ of said layers which make a valence band higher than Fermi level ] to 
pass said 1st layer of said layers for the 2nd layer and a current at least, Two or 
more n mold fields of said layers located in said 1st layer at least, and planar 
semi-conductor structure characterized by having two or more p mold fields of 
said layers located in said 2nd layer at least in order to pass said 2nd layer of 
said layers for a current. 

[Claim 10] Have a source field and a drain field and the electron mobility in a 
channel sets to a high field-effect transistor. A semi-conductor substrate and the 
1st relaxation Si1-xGex layer the range of whose germanium molar fraction x is 
0.20 thru/or 0.5 and by which epitaxial formation was carried out on said 
substrate, The 2nd n dope Si1-xGex layer by which epitaxial formation was 
carried out on said 1st layer, The 3rd non-doping Si1-xGex layer by which 
epitaxial formation was carried out on said 2nd layer, It has the presentation 
chosen from the group which consists of silicon, germanium, silicon germanium, 
and those alloys. Epitaxial formation is carried out on said 3rd layer, receive a 
tension strain, and as the duplex degenerate conduction band whose electron 
mobility of a duplex band is the range of 2000cm2/Vs thru/or 2500cm2/Vs in 
300K, and 4-fold degenerate conduction band The field-effect transistor 
characterized by having the gate electrode formed on the 4th layer which divides 
a conduction band, said source field located in said 4th layer at least and said 



drain field, the 5th dielectric material layer formed on said 4th layer, and said 5th 
layer. 

[Claim 11] Have a source field and a drain field and the electron mobility in a 
channel sets to a high field-effect transistor. A semi-conductor substrate and the 
1st relaxation Si1-xGex layer the range of whose germanium molar fraction x is 
0.20 thru/or 0.5 and by which epitaxial formation was carried out on said 
substrate, The 2nd Si1-yGey layer in which the range of the germanium molar 
fraction y is 0.5 thru/or 1.0, y-x is larger than 0.2, and a compressive strain is 
received, consequently an electron hole is confined and by which epitaxial 
formation was carried out on said 1st layer, Said source field located in said 2nd 
layer at least, and said drain field, The field-effect transistor characterized by 
having the gate electrode formed on the 3rd silicon layer by which epitaxial 
formation was carried out on said 2nd layer, the 4th dielectric material layer 
formed on said 3rd layer, and said 4th layer. 

[Claim 12] Furthermore, the field-effect transistor according to claim 1 
characterized by including the 5th Si1-zGez layer by which epitaxial formation 
was carried out between said 2nd layer the range of whose germanium molar 
fraction z is 0.20 thru/or 0.5, and said 3rd layer. 

[Claim 13] In the approach of forming layer structure equipped with both n mold 
field-effect transistor and p mold field-effect transistor The step which chooses a 



semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 
formation of the 2nd n dope Si1-xGex layer on said 1st layer, The step which 
carries out epitaxial formation of the 3rd non-doping Si1-xGex layer on said 2nd 
layer, The step which has the presentation chosen from the group which 
consists of silicon, germanium, silicon germanium, and those alloys, and 
epitaxial formation is carried out and receives a tension strain on said 3rd layer 
and which forms the 4th layer, The step which carries out epitaxial formation of 
the 5th relaxation Si1-xGex layer on said 4th layer, The step which forms the 6th 
Si1-yGey layer which the range of the germanium molar fraction y is 0.5 thru/or 
1.0, and y-x is larger than 0.2, and receives a compressive strain, The approach 
containing the step which carries out epitaxial formation of the 7th relaxation 
Si1-xGex layer on said 6th layer, the step which carries out epitaxial formation of 
the 8th silicon layer on said 7th layer, and the step which forms the 9th dielectric 
material layer on said 8th layer. 

[Claim 14] Furthermore, the approach of forming the layer structure according to 
claim 13 characterized by including the step which is formed on said 9th 
dielectric material layer, and forms the 10th polish recon layer patternized by 
lithography in order to form a gate electrode. 



[Claim 15] Furthermore, the approach of forming the layer structure according to 
claim 14 characterized by including the step which forms p mold field from said 
6th layer to said 8th layer in the both sides of at least one gate electrode in order 
to form p mold field-effect transistor. 

[Claim 16] Furthermore, the approach of forming the layer structure according to 
claim 14 characterized by including the step which forms the source field and 
drain field of p mold which are located in said 2nd layer at least. 
[Claim 17] Furthermore, the approach of forming the layer structure according to 
claim 14 characterized by including the step which forms n mold field from said 
4th layer to said 8th layer in the both sides of at least one gate electrode in order 
to form n mold field-effect transistor. 

[Claim 18] Furthermore, the approach of forming the layer structure according to 
claim 14 characterized by including the step which forms the source field and 
drain field of n mold which are located in said 4th layer at least. 
[Claim 19] Furthermore, the approach of forming the layer structure according to 
claim 15 characterized by including the step which forms n mold field from said 
4th layer to said 8th layer in the both sides of at least one gate electrode in order 
to form n mold field-effect transistor. 

[Claim 20] Furthermore, the approach of forming the layer structure according to 
claim 19 characterized by including the step which interconnects said gate 



electrode, said p mold field, and said n mold field in order to form a CMOS 
logical circuit. 

[Claim 21] In the approach of forming the planar semi-conductor structure which 
forms an electronic carrier channel and an electron hole carrier channel The step 
which chooses a single crystal substrate, silicon, germanium, and silicon 
germanium, In order to pass said 1st layer of said layers, the step which forms 
two or more KOMENSHU rate semiconductor material layers which have the 
presentation chosen from the group which consists of those alloys, and which 
were formed on said substrate, and a current In order to pass said 2nd layer of 
said layers, the step which forms two or more n mold fields of said layers located 
in said 1st layer at least, and a current Said step which forms two or more 
KOMENSHU rate layers receives a tension strain further including the step 
which forms two or more p mold fields of said layers located in said 2nd layer at 
least. By it The step of said layers which make a conduction band lower than 
Fermi level which forms the 1st layer at least, and a compressive strain are 
received. By it The approach characterized by what the step of said layers which 
make a valence band higher than Fermi level which forms the 2nd layer at least 
is included for. 

[Claim 22] In the approach have a source field and a drain field and the electron 
mobility in a channel forms a high field-effect transistor The step which chooses 



a semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 
formation of the 2nd n dope Si1-xGex layer on said 1st layer, The step which 
carries out epitaxial formation of the 3rd non-doping Si1-xGex layer on said 2nd 
layer, It has the presentation chosen from the group which consists of silicon, 
germanium, silicon germanium, and those alloys. Epitaxial formation is carried 
out on said 3rd layer, receive a tension strain, and as the duplex degenerate 
conduction band whose electron mobility of a duplex band is the range of 
2000cm2/Vs thru/or 2500cm2/Vs in 300K, and 4-fold degenerate conduction 
band The step which divides a conduction band and which forms the 4th layer, 
and the step which forms said source field located in said 4th layer at least, and 
said drain field, The approach characterized by including the step which forms 
the 5th dielectric material layer on said 4th layer, and the step which forms a 
gate electrode on said 5th layer. 

[Claim 23] In the approach have a source field and a drain field and the electron 
mobility in a channel forms a high field-effect transistor The step which chooses 
a semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 



formation of the 2nd Si1-yGey layer in which the range of the germanium molar 
fraction y is 0.5 thru/or 1.0, y-x is larger than 0.2, and a compressive strain is 
received, consequently an electron hole is confined on said 1st layer, The step 
which forms said source field and said drain field in said 2nd layer at least, The 
approach characterized by including the step which carries out epitaxial 
formation of the 3rd silicon layer on said 2nd layer, the step which forms the 4th 
dielectric material layer on said 3rd layer, and the step which forms a gate 
electrode on the 4th layer. 

[Claim 24] Furthermore, the approach of forming the field-effect transistor 
according to claim 23 characterized by including the step which carries out 
epitaxial formation of the 5th Si1-zGez layer the range of whose germanium 
molar fraction z is 0.20 thru/or 0.5 between said 2nd layer and said 3rd layer. 
[Claim 25] Layer structure according to claim 1 characterized by including p mold 
field under the field of n mold transistor in order that said 1st layer may prevent 
the parasitic current in said 1st layer or below said 1st layer further. 
[Claim 26] Layer structure according to claim 1 characterized by including n mold 
field under the field of p mold transistor in order that said 1st layer may prevent 
the parasitic current in said 1st layer or below said 1st layer further. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to p mold and n mold field-effect 
transistor of high performance which are manufactured as hetero structure which 
included the silicon layer and silicon germanium layer which were made 
distorted in the detail about CMOS for very-large-scale-integration (ULSI) circuits. 
[0002] 

[Description of the Prior Art] The improvement in the engine performance of 
Si-CMOS device which forms the most important configuration unit in a logical 
circuit application is very important. Specifically, high speed and low power 
consumption, and miniaturizations are indispensable requirements for a future 
ULSI chip. One main factor which controls the high-speed engine performance is 
that the mobility of a hole is low in Si. Moreover, it is necessary to expose a 
device including the gate (0.1 microns thru/or 0.15 microns) using electron beam 
RISOGURAFU or X ray lithography. Such techniques are more complicated 
compared with optical lithography, and expensive. [ both ] Furthermore, on a 
scale of the, control of the dependability of a device and a threshold electrical 
potential difference and the problem of the yield become more remarkable. 



Although it is fully equal to Si technique, if the ingredient system which has a 
property superior to Si is chosen, the output-delay product of CMOS will improve. 
The engine performance which excelled the engine performance or it similar to 
0.15-micron Si-CMOS in 0.25-micron gate length can be attained, therefore it is 
thought that the gate can be exposed with optical lithography. 
[0003] An example of the ingredient system which is equal to Si technique is 
indicated by U.S. Pat. No. 5019882 which was transferred to these people who 
entitle "Germanium Channel Silicon MOSFET" and which was published on May 
28, 1991. The channel which has the improved carrier mobility is equipped with 
the alloy layer of silicon and germanium which grows on a silicon substrate in 
U.S. Pat. No. 5019882. This alloy layer is maintained by sufficient thinness for 
making suitable pseudomorph non-rearrangement growth perform. A silicon 
layer is formed on this alloy layer, it oxidizes partially and a dielectric layer is 
formed. A gate field is formed on a silicon dioxide. 

[0004] The complementary-type electric-field transistor which has the 
superstructure made distorted is indicated by U.S. Pat. No. 5155571 published 
on October 13, 1992. By U.S. Pat. No. 5155571, 1-x layer of GexSi(s) which n 
mold made distorted are used for p mold transistor, and the silicon CMOS 
transistor structure where increased the mobility of a hole and it was made in 
agreement with the mobility of the electron in n mold transistor by it is indicated. 



Furthermore, the complementary-type modulation dope electric-field transistor 
which increased the hole mobility in p mold transistor using Si layer and the GeSi 
alloy layer which were made distorted, and Si layer or 1-GexSix alloy layer made 
distorted which increased the electron mobility in n mold transistor using 
Relaxation GexSi 1-x, and made coincidence distorted is indicated. The field for 
p mold transistors and the field for n mold transistors are separate fields 
containing the channel which consists of structure different, respectively. 
[0005] A silicon crystal layer and a silicon germanium mixing crystal layer are 
perpendicularly changed with the same presentation and film pressure, and n 
mold transistor and p mold transistor which were formed on the substrate are 
indicated by the JP,63-308966,B (a) number published on December 16, 1988 
by making only high impurity concentration of the structure under a gate 
electrode into a different thing. 

[0006] The heterojunction bipolar transistor which has an emitter equipped with 
the silicon epitaxial layer which grows on a silicon germanium base layer is 
indicated by U.S. Pat. No. 5006912 published on April 9, 1991. A grid strain 
seems for the active region of a transistor to consist of the semi-conductor which 
has silicon / silicon germanium strain grid, and to bring about valence-band 
offset predetermined by the emitter base joint, maintaining KOMENSHU rate 
growth. The advantage of a grid strain is increasing the effective mobility of the 



electron in the base. The germanium content of a silicon germanium base layer 
is in 12% thru/or 20% of range. 

[0007] It has high carrier mobility and other examples of the field-effect transistor 
suitable for high-speed operation are indicated by U.S. Pat. No. 5241197 
published on August 31, 1993. In U.S. Pat. No. 5241197, in order to give a 
compressive strain to a germanium layer, the control layer made distorted under 
a germanium layer is prepared, the presentation of a strain-controlled layer is 
used, and a compressive strain is generated. The carrier mobility in the 
germanium layer made distorted is high. 
[0008] 

[Problem(s) to be Solved by the Invention] A one division target of this invention 
is offering the layer structure which enables it to both form n mold device and p 
mold device as common planar structure. 

[0009] Other purposes of this invention are offering both n mold device with 
which an activity channel's is not formed in a silicon-dioxide interface, the fall of 
mobility is prevented, and perpendicular electric field's increase, and p mold 
device. 

[0010] Other purposes of this invention are offering p mold device with which it is 
near the gate and the lowness of the hole mobility in p mold channel is 
compensated by it rather than n mold device with which p mold channel's 



corresponds. 

[001 1] Both other purposes of this invention are that an electron and an electron 
hole utilize a strain (it is [ in the case of an electron ] a compressive strain in the 
case of a tension strain and an electron hole), and offer division, and more 
advanced n mold device and more advanced p mold device with which it shuts 
up and profits are obtained from a barrier of a band. 

[0012] Other purposes of this invention are offering a low source drain electrical 
potential difference, for example, n mold device which has high mobility rather 
than it enables actuation by about 1.5 V, and p mold device. 
[0013] Other purposes of this invention are offering n mold device and p mold 
device which can be designed so that it may have an almost symmetrical 
threshold electrical potential difference to both an electron and an electron hole. 
[0014] Other purposes of this invention have very low measurement defect 
density, for example, are offering the epitaxial layer structure for forming n mold 
device and p mold device which are [ cm ] 2 1000 pieces /in the number of etch 
pits. 

[0015] Other purposes of this invention are offering both the gate ingredients 
common to a single and processing steps for the gates of n mold field-effect 
transistor and p mold field-effect transistor. 

[0016] Other purposes of this invention are offering the pad SiGe channel which 



receives a compressive strain for the pad Si channel or SiGe channel which 
receives a tension strain in the case of p mold device in the case of n mold 
device. 
[0017] 

[Means for Solving the Problem] The 1st relaxation Si1-xGex layer in which 
epitaxial formation was carried out by this invention on the semi-conductor 
substrate and the substrate the range of whose germanium molar fraction x is 
0.20 thru/or 0.5, The 2nd n dope Si1-xGex layer by which epitaxial formation 
was carried out on the 1st layer, There are few 3rd non-doping Si1-xGex layers 
by which epitaxial formation was carried out on the 2nd layer, and germanium 
molar fractions z than x by which epitaxial formation was carried out on the 3rd 
layer. By it The 4th silicon layer or Si1-zGez layer which receives a tension strain, 
The 5th relaxation Si1-xGex layer by which epitaxial formation was carried out 
on the 4th layer, The 6th Si1-yGey layer which the range of the germanium 
molar fraction y is 0.5 thru/or 1.0, and y-x is larger than 0.2, and receives a 
compressive strain by it, The 7th relaxation Si1-xGex layer by which epitaxial 
formation was carried out on the 6th layer, The layer structure for said formation 
which may be the approach of forming both n mold field-effect transistor which 
consists of the 8th silicon layer by which epitaxial formation was carried out on 
the 7th layer, and the 9th dielectric material layer formed on the 8th layer, and p 



mold field-effect transistor, and a flat surface is explained. The value of the 
germanium molar fraction x for each class is good in 0.20 thru/or 0.5, unless the 
tension strain or compressive strain in the layer specified an electron hole and 
for electrons is reversed. On the 8th layer, a metal layer or a polish recon layer 
can be formed and patternized, and the gate of n mold field-effect transistor and 
p mold field-effect transistor can be formed. Each drain field and source field of n 
mold transistor and p mold transistor can be formed by forming n mold field in 
the both sides of the gate in layer structure, forming n mold field-effect transistor, 
forming p mold field in the both sides of the gate in layer structure, and forming p 
mold field-effect transistor, n mold transistor and p mold transistor can be 
interconnected, and a CMOS logical circuit can be formed. 
[0018] The 1st relaxation Si1-xGex layer as for which epitaxial formation of a 
semi-conductor substrate and the germanium molar fraction x was further 
carried out by this invention on the substrate which is the range of 0.20 thru/or 
0.5, The range of the germanium molar fraction y is 0.5 thru/or 1.0, and y-x is 
larger than 0.2. By it The 2nd Si1-yGey layer in which a compressive strain is 
received, consequently an electron hole is confined, The 3rd silicon layer by 
which epitaxial formation was carried out on the 2nd layer, and the 4th dielectric 
material layer formed on the 3rd layer, It has the source, the drain, and the gate 
which consist of p field formed in the both sides of the gate electrode formed on 



the 4th layer, and the gate electrode in the 2nd and 3rd layers, and the hole 
mobility in a channel offers a high approach and high p mold channel field-effect 
transistor. 

[0019] The 1st relaxation Si1-xGex layer by which, as for this invention, epitaxial 
formation of x was further carried out with the semi-conductor substrate on the 
substrate which is the range of 0.25 thru/or 0.5, The 2nd n dope Si1-xGex layer 
by which epitaxial formation was carried out on the 1st layer, There are few 3rd 
non-doping Si1-xGex layers by which epitaxial formation was carried out on the 
2nd layer, and germanium molar fractions z than x by which epitaxial formation 
was carried out on the 3rd layer. By it Receive a tension strain and a conduction 
band is divided by it as the duplex degenerate conduction band whose electron 
mobility in a duplex band is the range of 2000cm2/Vs thru/or 2500cm2/Vs in 
300K, and 4-fold degenerate conduction band. The 4th silicon layer or an 
Si1-zGez layer, and the 5th dielectric material layer formed on the 4th layer, It 
has the source, the drain, and the gate which consist of n field formed in the both 
sides of the gate electrode formed on the 5th layer, and the gate electrode in the 
3rd and 4th layers, and the electron mobility in a channel offers a high approach 
and a high n-type channel field-effect transistor. 
[0020] 

[Example] Next, when a drawing is referred to, drawing 1 shows the top view of 



the field-effect transistors 10 and 11 which interconnected so that CMOS 
inverter 9 might be formed. The detailed outline circuit of CMOS inverter 9 is 
shown in drawing 5 . 

[0021] A field-effect transistor 10 is good at n mold field-effect transistor which 
has the drain field 12 and the source field 14, and the gate electrode 16 of n die 
materials. A field-effect transistor 11 is good at p mold field-effect transistor 
which has the drain field 13 and the source field 15, and the gate electrode 17 of 
p die materials. A metal may also dope p die materials and polish recon is 
sufficient as the gate electrodes 16 and 17. The gate electrode 16 has the up 
front face 18, and the gate electrode 17 has the up front face 19. Field-effect 
transistors 10 and 11 are formed for example, on the semi-conductor substrate 
20 as which silicon, germanium, silicon germanium, or those alloys are sufficient. 
A substrate 20 has a good up field with the wafer separated by the poured-in 
oxygen (SIMOX). A substrate 20 has the planar hetero structure 22 formed on 
the up front face 21 of the substrate 20 shown in drawing 2 . The planar hetero 
structure 22 is epitaxial to mutual, or changes from two or more layers 23 of a 
planar to the basic target which is a pseudomorph. The top layer 24 on the 
hetero structure 22 is good at dielectrics, such as a silicon dioxide which is 
exposed to atmospheric air and has the up front face 25. 

[0022] Although field-effect transistors 10 and 11 were shown in drawing 1 , the 



transistor of a large number, such as the field-effect transistor 6 of n mold or p 
mold thru/or 9, can be further formed on a substrate 20. The planar hetero 
structure 22 which changes from two or more layers 23 shown in the detail to 
drawing 2 is prolonged in the bottom of the gate electrode of all field-effect 
transistors, and exists also in the field between field-effect transistors. That is, 
the common planar hetero structure 22 is used to all transistors. The insulation 
between the selected transistors can be obtained by intercepting the conductivity 
of a layer 23 by forming a trench 28 by reactive ion etching through a mask etc. 
In order to cross a trench top or a trench in the trench 28 which can have the 
cross section of a square or a rectangle and to make it pass interconnect wiring, 
it can be filled up with the dielectrics 29, such as a silicon dioxide. 
[0023] Drawing 2 is the sectional view which met the line 2-2 of drawing 1 . As 
shown in drawing 1 and 2, a substrate 20 has the up front face 21, and the 
planar hetero structure 22 which consists of the epitaxial-related layers 34, 36, 
38, 32, 40, 30, 42, and 44 on an up front face is formed. On the planar hetero 
structure 22, the layer 24 which functions as the gate electrode 16 and a gate 
oxide for 17 is, and a thicker electric-field oxide can be formed in a gate 
inter-electrode field, or it can be made to adhere. With the planar hetero 
structure 22, the engine performance of a device is raised using a strain. The 
description of the proper of the planar hetero structure 22 is that a layer has a 



plane up front face and a plane lower front face over the whole substrate, 
namely, neither etching nor alternative growth is needed for p mold field-effect 
transistor 11 or a PMOS device, and n mold field-effect transistor 11 or an 
NMOS device. The planar hetero structure 22 offers the medium which suits 
standard submicron Si-CMOS processing. 

[0024] The threshold electrical potential difference of p mold field-effect 
transistor 10 and n mold field-effect transistor 11 can be adjusted by adjusting 
not doping like standard Si-MOS technique but the strain of the specific layer of 
the planar hetero structure 22. In addition to the voltage adjustment made to 
attain by the strain in a layer, the next threshold voltage adjustment by doping 
can also be used. The planar hetero structure 22 can attain the symmetrical 
threshold electrical potential difference of the range of 0.3V thru/or 0.5V by the 
same planar hetero mechanical design. For example, by using P+ polish recon 
gate, as the gate electrode 16 showed, both n mold field-effect transistor gate 
electrode 16 and p mold field-effect transistor gate electrode 17 can be formed in 
coincidence, therefore only 1 lithography step can be saved. The 
transconductance of n mold field-effect transistor 10 and p mold field-effect 
transistor 1 1 can also be designed so that it may become almost the same, p 
mold channel uses the planar hetero structure 22 which is in the near layer 30 
with the gate electrodes 16 and 17 compared with an n-type channel, and the 



almost same transconductance of n mold field-effect transistor and p mold 
field-effect transistor is attained by compensating the electron mobility in the 
n-type channel higher than the hole mobility in p mold channel in a layer 30 in a 
layer 32. 

[0025] If drawing 2 is referred to, the relaxation SiGe buffer layer 34 whose 
germanium presentation is 20% thru/or 50% of range will be first grown up on 
the up front face 21 of a substrate 20. A buffer layer 34 can be changed into a 
relaxation condition without doping at first, and germanium can have [ silicon ] 
30% of presentation at 70%. 

[0026] After forming a layer 34, thickness forms p mold field 26 of the range of 
100nm thru/or 200nm near the layer 34 a crowning or near it. It is the range of 
1cm-2 thru/or 2x1012cm-2 under n mold device which the injection rate of the 
acceptor of activity should form continuously electrically, the related drain field 
12, and the source field 14 of p mold field 26. A field 26 can be formed by the ion 
implantation and annealing following it. A field 26 can be formed with the mask 
patternized suitably. It functions as p mold field 26 barring that parasitic current 
flows the layer 34 or substrate 20 between the source contact of n mold 
transistor, and a drain contact. 

[0027] Furthermore, after forming a layer 34, thickness forms n mold field 27 of 
the range of 100nm thru/or 200nm near the layer 34 a crowning or near it. It is 



the range of 1cm-2 thru/or 2x1012cm-2 under p mold device which douse of 
Donna of activity should form continuously electrically, the related drain field, 
and source field of n mold field 27. A field 27 can be formed by the ion 
implantation and annealing following it. A field 27 can be formed with the mask 
patternized suitably. It functions as n mold field 27 barring that parasitic current 
flows the layer 34 or substrate 20 between the source contact of p mold 
transistor, and a drain contact. 

[0028] In order to incurvate a valence band and a conducting sleeve so that the 
electronic transition in Si layer or the Si1-zGez layer 32 which receives a tension 
strain will become desirable, the n dope relaxation SiGe thin layer 36 is grown up 
on the up front face of the relaxation layer 34. 

[0029] It is that an electron and an electron hole are shut up as a result of the 
tension strain and compressive strain in each layer. The overall lattice constant 
in the flat surface on the up front face of a layer and the front face of lower is 
determined by the main presentations of the layer which is a layer 34 by drawing 
2 . Although the electronic channel layer 32 does not have germanium 
presentation at all, or its germanium presentation is low and it receives a tension 
strain, the electron hole channel layer 30 has high germanium presentation, and 
it receives a compressive strain. Since it has a big lattice constant only about 4% 
rather than the lattice constant of Si, pure germanium generates a strain. 



[0030] In order to separate the dopant in a layer 36 from the Si layer 32 and to 
maintain high electron mobility in a layer 32, the thin relaxation non-doping SiGe 
layer 38 is grown up on n dope layer 36. A layer 38 can have the thickness of the 
range of Onm thru/or 4nm. Si layer or the Si1-zGez layer 32 which works as an 
n-type channel for n mold field-effect transistors is grown up on a layer 38 in 
response to a tension strain. The thin relaxation SiGe layer 40 is grown up on Si 
layer or the Si1-zGez layer 32. Layers 38 and 40 can have the same 
presentation of silicon with the sufficient germanium in 20% thru/or 50% of range, 
and germanium. A tension strain is given to a silicon layer or the Si1-zGez layer 
32, and the SiGe layers 38 and 40 are eased. 

[0031] The SiGe layer 30 which works as a p mold channel for p mold field-effect 
transistors and which receives a compressive strain is grown up on a layer 40. In 
a layer 30, the presentation of germanium is 50% thru/or 100% of range, for 
example, is good at 80%. 

[0032] In the alternative example, a layer 30 can attach inclination within a layer 
and can have the germanium content to which about 0.75 to about 0.5 
germanium in the upper part of a layer in the lower part of a near layer 
decreases in number by the buffer layer 34. The strain with inclination in the 
layer 30 obtained as a result and the valence-band offset with inclination are 
assistance [ interface / smoother than an up interface / 



pars-basilaris-ossis-occipitalis ] to position an electron hole to near more, 
consequently its mobility of an electron hole improves. 

[0033] Other thin relaxation SiGe layers 42 are grown up on a layer 30. A layer 
42 works so that it can have the same presentation as a layer 40, a strain may 
be given by the interface with a layer 30, and a valence band may be made to 
jump by it, consequently an electron hole may be confined in a layer 30. A layer 
30 receives a compressive strain. The silicon cap layer 44 is grown up on a layer 
42 so that the gate oxide which has good adhesion on the up front face of silicon 
cap layer 44 the very thing or all over an up front face may grow. Thickness (5nm 
thru/or 10nm) of the silicon-dioxide layer 24 is formed on 44 layers of silicon. 
Also making it grow up at the temperature of 6000C thru/or 7000C using 
high-pressure thermal oxidation can also make the silicon-dioxide layer 24 
adhere at temperature lower than 6500C by chemical vacuum deposition. P+ 
polish recon gate 16 is grown up on a layer 24. P+ polish recon gate 16 may be 
a blanket layer at first, and subsequently, it can be patternized with lithography 
so that the gate may be formed. The gate 16 can be formed by using gate length 
(a perfect self-alignment process, 0.1 microns, or 0.25 microns), and using a 
nitride side-attachment-wall spacer, a silicide, or the metal coat of Salicide. 
[0034] Layers 30 and 32 can have the thickness of the range of 3nm thru/or 7nm. 
The layer 40 between a layer 30 and a layer 32 can have the thickness of the 



range of Onm thru/or 5nm. Layers 36, 38, and 42 can have the thickness of the 
range of 3nm thru/or 5nm. The silicon layer 44 can have the thickness of the 
range of 0.5nm thru/or 1.5nm. A layer 44 serves as a parasitic current channel 
for n mold devices, when too thick. A layer 46 is good in 5nm thru/or 10nm. 
[0035] If Si or Si1-zGez which receives a tension strain can be formed on a 
relaxation SiGe layer and the SiGe layer which receives a compressive strain 
can be formed on Relaxation Si and SiGe, both the conduction bands and 
valence bands of Si layer or the Si1-zGez layer 32, and the SiGe layer 30 can be 
changed remarkably. In Si layer or the Si1-zGez layer 32, the first 6-fold 
degenerate conduction band is divided as a duplex conduction band and 4-fold 
conduction band under a tension strain. (It has the amount of **** endoplasms) 
The electron which moves the duplex band which descended has mobility much 
higher than standard Si and n-type channel field-effect transistor structure. With 
the duplex band which descended, this higher mobility is [ 300K ] good 
2000cm2A/s thru/or 2500cm2A/s, and 77K in the range of 10000cm2A/s thru/or 
15000cm2A/s. On the other hand, n mold transistor of a conventional type has 
about 600cm2A/s by 300K, and has the mobility of about 1500cm2/Vs by 77K. 
The detailed argument on an electronic transition property coalesced in this 
specification by citation, "it is Electron transport properties of Si/SiGe 
heterostructure. : it is indicated by the publication it is [ measurements and 



device implications" (Appl.Phys.Lett.63 (5) August, 1993 / 2 or /, pp660, or 662) ] 
entitled. 

[0036] The valence band of the SiGe layer 30 which receives a compressive 
strain is divided as a heavy electron hole band and ********. Therefore, especially 
electron hole migration in an up valence band with a light amount about SiGe of 
a high germanium content, or movement of the electron hole which met the 
channel in pure germanium depending on the case The hole mobility which may 
become higher a single figure than a Si-p mold field-effect transistor is obtained. 
The hole mobility in the occupied electron hole band is the range of 600cm2A/s 
thru/or 1100cm2A/s in 300K, and is the range of 2000cm2A/s thru/or 
5000cm2A/s in 77K. The silicon which is 4nm in thickness measures these 
range by 70% in the layer 30 in case germanium is 30% of presentation. A 
multiplier of 5 is [ the measured mobility ] higher than the case of a Si-p mold 
field-effect transistor. 

[0037] Drawing 3 is a graph which shows the energy of the electron in the pars 
basilaris ossis occipitalis of the conduction band of a layer 32 as a function of the 
distance over the gate electrode 16 with the forward gate voltage Vg. An 
ordinate expresses the energy of the single electron in the pars basilaris ossis 
occipitalis of a conduction band with drawing 3 , and an abscissa expresses with 
it the distance of the perpendicular direction under the gate electrode 16 shown 



in drawing 2 . The energy of a single electron is shown by the curve 56. The 
datum line 58 expresses the Fermi energy in a layer 32. As shown in drawing 3 , 
the curvilinear section 60 has the energy of the electron in a layer 32 lower than 
Fermi energy, therefore it is shown that an electron exists in the conduction layer 
32. The curvilinear section 62 shows the curve of the conduction band by n mold 
doping in a layer 36. The curve 62 is not adjusted so that p mold field 26 may be 
reflected. The curvilinear section 64 shows the energy of the electron in the layer 
44 which is a top silicon cap layer under an oxide layer 24. A layer 44 has 
electron mobility lower than the electron mobility of a layer 32 which has the 
electronic energy shown by the curvilinear section 60. In order for a current to 
prevent flowing the layer 44 which is a parasitism channel parallel to the n-type 
channel formed of the layer 32, electronic energy of the electron in a layer 32 
should be made lower than the energy of the electron in a layer 44. 
[0038] Drawing 4 is a graph which shows the energy of the electron in the 
crowning of the valence band of a layer 30 as a function of the distance of the 
perpendicularly it was shown in drawing 2 under the gate electrode 16 whose 
gate bias Vg is negative. An ordinate expresses the energy of the single electron 
in the crowning of a conduction band with drawing 4 , and an abscissa 
expresses the distance of the perpendicular direction to the gate electrode 16 
with it. The energy of the electron in the crowning of a conduction band is shown 



by the curve 70. The curve 70 is not adjusted so that p mold field 26 may be 
reflected. The datum line 72 expresses Fermi energy EF in a valence band. The 
curvilinear section 74 is larger than the Fermi energy shown by the datum line 72, 
therefore corresponds to the electronic energy in the crowning of the value 
electronic band in a layer 30 which makes an electron hole conduct. 
[0039] According to drawing 3 and drawing 4 , in the case of forward gate 
voltage, the electron supplied from the dope layer 36 conducts in a layer 32. 
When the gate electron 16 has the negative electrical potential difference Vg, an 
electron hole conducts in a layer 30. Therefore, when a drain field and a source 
field interconnect all the layers 30, 32, 34, 36, 38, 40, 42, and 44, n mold 
field-effect transistor or p mold field-effect transistor can be formed by forming 
the drain field and source field of p mold or n mold in the each side of the gate 
electrode 16. If drawing 2 is referred to, by removing spatially the electronic 
transition in a layer 32, and the electron hole migration in a layer 30 by the silicon 
layer 44 and a layer 24 to the silicon-dioxide interface, dependability will 
increase, namely, the carrier impregnation to the silicon-dioxide layer 24 will be 
reduced, and an advantage with the increasing mobility in a high carrier 
consistency will be brought about. In the case of Si/Si02 interface 47, it turns out 
that it falls as a function of perpendicular electric field with which electronic 
mobility crosses an interface, however, with the proposed structure, electronic 



mobility increases as an electronic function and the mobility of an electron hole 
is expected to be still about 1 law over the whole gate bias range Vg. The 
description of the proper of the planar hetero structure 22 is that adjustment of 
the threshold electrical potential difference of p mold field-effect transistor and n 
mold field-effect transistor and adjustment of the high electron mobility of n mold 
field-effect transistor and p mold field-effect transistor and the Takamasa hole 
mobility are attained by the layer sequence which uses the strain by the 
inequality of a grid. By the cap silicon layer 44, the chemical-vacuum-deposition 
(CVD) oxide well pasted up on a gate oxide or a layer 44 by thermal oxidation 
can be formed. With the planar hetero structure 22, mobility does not fall as a 
function of the perpendicular electric field from the electrical potential difference 
on the gate electrode 16. It is because an electron moves in a layer 32 and an 
electron hole moves in a layer 30. Can use single p+ polish recon gate for both p 
mold field-effect transistor and n mold field-effect transistor, and it is made to 
adhere, and can patternize to coincidence. 

[0040] The planar hetero structure 22 can be used in case a high performance 
CMOS device is manufactured based on the Si/SiGe hetero structure made 
distorted. The planar hetero structure 22 can be used with the ULSI logical chip 
which operates with high frequency and low power consumption. It is a result 
with an average carrier rate high [ the mobility of the electron in a channel 30 and 



32 i.e., layers, and an electron hole ], and high that a frequency becomes high. 
Power consumption becomes low because horizontal electric field required to 
saturate a carrier rate are low. 

[0041] Trenching between devices can attain the insulation between n mold 
field-effect transistor and p mold field-effect transistor. Reactive ion etching (RIE) 
can perform trenching. In the typical example, p mold field-effect transistor and n 
mold field-effect transistor carry out self-alignment to a gate electrode so that the 
source implant and drain implant which were grown up by the ion implantation 
may reach the edge of a gate electrode. Like a CMOS circuit, the drain of one 
device is connected to the source of the device of another side, and a basic 
block serves as an easy inverter by which both gates were connected mutually. 
Other logic gates can be constituted in NAND, NOR, a flip-flop, etc. 
[0042] Reference of drawing 5 shows the outline circuit of CMOS inverter 9. The 
gate electrodes 16 and 17 are mutually combined through lead wire 77, in order 
to provide an inverter 9 with an input. The drain fields 12 and 13 of field-effect 
transistors 10 and 11 are mutually combined through lead wire 78, respectively, 
in order to offer an output. The source of a transistor 1 1 is combined through 
lead wire 79, in order to supply an electrical potential difference VDD. The 
source of a transistor 10 is combined through lead wire 80, in order to ground 
potential or other power sources. A transistor 10 has the n-type channel formed 



in the layer 32, and a transistor 11 has p mold channel formed in the layer 30. 
[0043] Drawing 6 is the top view of the 2nd example of this invention showing a 
field-effect transistor 82. A field-effect transistor 82 has the gate electrode 83, 
the drain electrode 84, and the source electrode 85. The field-effect transistor 82 
is formed in drawing 7 as planar hetero structure 88 shown in the detail. Drawing 
7 is the sectional view which met the line 7-7 of drawing 6 . In drawing 7 , the 
same reference mark as the structure and the function corresponding to drawing 
1_ and drawing 2 </A> is used. Drawing 7 shows the sectional view of two or 
more layers 89 used for forming two or more n-type channel field-effect 
transistors. Here, in order to simplify drawing, only one field-effect transistor 82 
is shown. 

[0044] Drawing 7 shows n mold field-effect transistor 82 which is formed of the 
ion implantation to a layer 32, for example, aligns by it at the gate and which has 
the drain field 91 and the source field 92 of n mold. The semi-conductor 
substrate 20 has the 1st relaxation Si1-xGex layer 34 by which epitaxial 
formation was carried out on the up front face 21. Here, the range of x is 0.20 
thru/or 0.5. Epitaxial formation of the 2nd n dope Si1-xGex layer 36 is carried out 
on the layer 34. Before forming a layer 36, p mold field 26 can be formed in the 
bottom of the future drain field 91 and the source field 92, and it can protect the 
source field 92 or that its parasitic current flows from the drain field 91 



conversely through a layer 34 or a substrate 20. Epitaxial formation of the 3rd 
non-doping Si1-xGex layer 38 is carried out on the layer 36. As for the Si1-zGez 
layer 32 smaller than x, epitaxial formation of the 4th silicon layer or the 
germanium molar fraction z is carried out on the 3rd layer 38, the 4th layer 32 
receives a tension strain by it, and a conduction band is divided by it as a duplex 
degenerate conduction band and 4-fold degenerate conduction band. Here, the 
electron mobility of a duplex band is the range of 2000cm2/Vs thru/or 
2500cm2/Vs in 300K. The 5th dielectric material layer 24, such as a silicon 
dioxide, is formed in up front-face top 48 of the 4th layer 32. The gate electrode 
83 is formed on the 5th layer 24. n mold fields 91 and 92 are formed in the both 
sides of the gate electrode 82 in a layer 32 as shown in drawing 7 . Thin silicon 
layers, such as a layer 44, can be made to be able to intervene between a layer 
32 and a layer 24, and a better interface with a layer 24 can be offered. 
[0045] Drawing 8 is the sectional view which met the line 7-7 of drawing 6 which 
shows the 3rd example. In drawing 8 , the same reference mark as the structure 
and the function corresponding to equipment of drawing 1 , drawing 2 , and 
drawing 6 is used. A field-effect transistor 96 is a thing of p mold which has the 
gate electrode 97, the drain electrode 98, and the source electrode 99. The drain 
electrode 98 contacts electrically the drain electrode 105 which is p mold, and 
the source electrode 99 contacts electrically the source field 106 which is p mold. 



The drain field 105 and the source field 106 extend into a layer 30 through a 
layer 44. The drain field 105 and the source field 106 can align at the gate, and 
can be formed by the ion implantation. A field-effect transistor 96 has the high 
hole mobility between the source electrode 106 in a channel 100, and the drain 
electrode 105. 

[0046] The field-effect transistor 96 is formed with the planar hetero structure 
102 equipped with two or more layers 103. The field-effect transistor 96 is 
equipped with the semi-conductor substrate 20 and the 1st relaxation Si1-xGex 
layer 34 by which epitaxial formation was carried out on the substrate 20. Here, 
the range of x is 0.20 thru/or 0.5. Epitaxial formation of the 2nd Si1-yGey layer 
30 is carried out on the 1st layer 34. Here, the range of the germanium molar 
fraction y is 0.5 thru/or 1, it is larger than 0.2, the 2nd layer 30 receives a 
compressive strain, consequently an electron hole is confined in the 2nd layer by 
it. [ of 1-x ] Epitaxial formation of the 3rd silicon layer 44 is carried out on the 2nd 
layer 30. The 4th dielectric material layer 24, such as a silicon dioxide, is formed 
on the 3rd layer 44. The gate electrode 97 is formed on the 4th layer 24. The 
drain field 105 and the source field 106 are formed in the both sides of the gate 
electrode 97 in the 2nd layer 30 and the 3rd layer 44. It can prevent forming n 
mold field 27 from the up front face of a layer 34 into the layer 34 under the drain 
field 105 and the source field 106, and parasitic current flowing between the 



drain field 105 in a layer 34 or a substrate 20, and the source field 106. After n 
mold field 27 forms a layer 34, it can be formed by the diffusion or the ion 
implantation through a mask. 

[0047] Although the planar hetero structure containing Si layer and the 
Si/germanium layer which were made distorted the approach for p mold 
field-effect transistor and n mold field-effect transistors, p mold field-effect 
transistor, and for n mold field-effect transistors was illustrated, it will become 
clear for correction and deformation to be possible, without deviating from the 
large range of this invention restricted to this contractor by only the attached 
claim. 

[0048] As a conclusion, the following matters are indicated about the 
configuration of this invention. 

[0049] (1) In the layer structure for both n mold field-effect transistor and p mold 
field-effect transistors A semi-conductor substrate and the 1st relaxation 
Si1-xGex layer the range of whose germanium molar fraction x is 0.20 thru/or 0.5 
and by which epitaxial formation was carried out on said substrate, The 2nd n 
dope Si1-xGex layer by which epitaxial formation was carried out on said 1st 
layer, The 3rd non-doping Si1-xGex layer by which epitaxial formation was 
carried out on said 2nd layer, The 4th layer which has the presentation chosen 
from the group which consists of silicon, germanium, silicon germanium, and 



those alloys, and epitaxial formation is carried out on said 3rd layer, and 
receives a tension strain, The range of the 5th relaxation Si1-xGex layer by 
which epitaxial formation was carried out on said 4th layer, and the germanium 
molar fraction y is 0.5 thru/or 1.0, and y-x is larger than 0.2. By it Layer structure 
which consists of the 6th Si1-yGey layer which receives a compressive strain, 
the 7th relaxation Si1-xGex layer by which epitaxial formation was carried out on 
said 6th layer, the 8th silicon layer by which epitaxial formation was carried out 
on said 7th layer, and the 9th dielectric material layer formed on said 8th layer. 

(2) Layer structure given in the above (1) further characterized by including the 
10th polish recon layer which was formed on said 9th dielectric material layer, 
and was patternized by lithography in order to form a gate electrode. 

(3) Layer structure given in the above (2) further characterized by including p 
mold field from said 6th layer to [ the both sides of at least one gate electrode ] 
said 8th layer in order to form p mold field-effect transistor. 

(4) Layer structure given in the above (2) characterized by including the source 
field and drain field of p mold which are located in said 2nd layer further at least. 

(5) Layer structure given in the above (2) further characterized by including n 
mold field from said 4th layer to [ the both sides of at least one gate electrode ] 
said 8th layer in order to form n mold field-effect transistor. 

(6) Layer structure given in the above (2) characterized by including the source 



field and drain field of n mold which are located in said 4th layer further at least. 

(7) Layer structure given in the above (3) further characterized by including n 
mold field from said 4th layer to [ the both sides of at least one gate electrode ] 
said 8th layer in order to form n mold field-effect transistor. 

(8) Layer structure given in the above (7) further characterized by including a 
means to interconnect said gate electrode, said p mold field, and said n mold 
field in order to form a CMOS logical circuit. 

(9) In the planar semi-conductor structure which forms an electronic carrier 
channel and an electron hole carrier channel Two or more semiconductor 
material layers which have the presentation chosen from the group which 
consists of a single crystal substrate, silicon, germanium, silicon germanium, 
and those alloys and which were formed on said substrate, and a tension strain 
are received. By it Inside [ it is said layer which makes a conduction band lower 
than Fermi level ] receives the 1st layer and a compressive strain at least. By it 
In order [ of said layers which make a valence band higher than Fermi level ] to 
pass said 1st layer of said layers for the 2nd layer and a current at least, Two or 
more n mold fields of said layers located in said 1st layer at least, and planar 
semi-conductor structure characterized by having two or more p mold fields of 
said layers located in said 2nd layer at least in order to pass said 2nd layer of 
said layers for a current. 



(10) Have a source field and a drain field and the electron mobility in a channel 
sets to a high field-effect transistor. A semi-conductor substrate and the 1st 
relaxation Si1-xGex layer the range of whose germanium molar fraction x is 0.20 
thru/or 0.5 and by which epitaxial formation was carried out on said substrate, 
The 2nd n dope Si1-xGex layer by which epitaxial formation was carried out on 
said 1st layer, The 3rd non-doping Si1-xGex layer by which epitaxial formation 
was carried out on said 2nd layer, It has the presentation chosen from the group 
which consists of silicon, germanium, silicon germanium, and those alloys. 
Epitaxial formation is carried out on said 3rd layer, receive a tension strain, and 
as the duplex degenerate conduction band whose electron mobility of a duplex 
band is the range of 2000cm2/Vs thru/or 2500cm2/Vs in 300K, and 4-fold 
degenerate conduction band The field-effect transistor characterized by having 
the gate electrode formed on the 4th layer which divides a conduction band, said 
source field located in said 4th layer at least and said drain field, the 5th 
dielectric material layer formed on said 4th layer, and said 5th layer. 
(11) Have a source field and a drain field and the electron mobility in a channel 
sets to a high field-effect transistor. A semi-conductor substrate and the 1st 
relaxation Si1-xGex layer the range of whose germanium molar fraction x is 0.20 
thru/or 0.5 and by which epitaxial formation was carried out on said substrate, 
The 2nd Si1-yGey layer in which the range of the germanium molar fraction y is 



0.5 thru/or 1.0, y-x is larger than 0.2, and a compressive strain is received, 
consequently an electron hole is confined and by which epitaxial formation was 
carried out on said 1st layer, Said source field located in said 2nd layer at least, 
and said drain field, The field-effect transistor characterized by having the gate 
electrode formed on the 3rd silicon layer by which epitaxial formation was carried 
out on said 2nd layer, the 4th dielectric material layer formed on said 3rd layer, 
and said 4th layer. 

(12) Field-effect transistor given in the above (1) characterized by including the 
5th Si1-zGez layer by which epitaxial formation was further carried out between 
said 2nd layer the range of whose germanium molar fraction z is 0.20 thru/or 0.5, 
and said 3rd layer. 

(13) In the approach of forming layer structure equipped with both n mold 
field-effect transistor and p mold field-effect transistor The step which chooses a 
semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 
formation of the 2nd n dope Si1-xGex layer on said 1st layer, The step which 
carries out epitaxial formation of the 3rd non-doping Si1-xGex layer on said 2nd 
layer, The step which has the presentation chosen from the group which 
consists of silicon, germanium, silicon germanium, and those alloys, and 



epitaxial formation is carried out and receives a tension strain on said 3rd layer 
and which forms the 4th layer, The step which carries out epitaxial formation of 
the 5th relaxation Si1-xGex layer on said 4th layer, The step which forms the 6th 
Si1-yGey layer which the range of the germanium molar fraction y is 0.5 thru/or 
1 .0, and y-x is larger than 0.2, and receives a compressive strain, The approach 
containing the step which carries out epitaxial formation of the 7th relaxation 
Si1-xGex layer on said 6th layer, the step which carries out epitaxial formation of 
the 8th silicon layer on said 7th layer, and the step which forms the 9th dielectric 
material layer on said 8th layer. 

(14) Approach which is formed on said 9th dielectric material layer, and forms 
the layer structure of a publication in the above (13) characterized by including 
the step which forms the 10th polish recon layer patternized by lithography 
further in order to form a gate electrode. 

(15) How to form the layer structure of a publication in the above (14) further 
characterized by including the step which forms p mold field from said 6th layer 
to [ the both sides of at least one gate electrode ] said 8th layer in order to form p 
mold field-effect transistor. 

(16) How to form the layer structure of a publication in the above (14) 
characterized by including the step which forms the source field and drain field of 
p mold which are located in said 2nd layer further at least. 



(17) How to form the layer structure of a publication in the above (14) further 
characterized by including the step which forms n mold field from said 4th layer 
to [ the both sides of at least one gate electrode ] said 8th layer in order to form n 
mold field-effect transistor. 

(18) How to form the layer structure of a publication in the above (14) 
characterized by including the step which forms the source field and drain field of 
n mold which are located in said 4th layer further at least. 

(19) How to form the layer structure of a publication in the above (15) further 
characterized by including the step which forms n mold field from said 4th layer 
to [ the both sides of at least one gate electrode ] said 8th layer in order to form n 
mold field-effect transistor. 

(20) How to form the layer structure of a publication in the above (19) 
characterized by including the step which interconnects said gate electrode, said 
p mold field, and said n mold field further, in order to form a CMOS logical circuit. 

(21) In the approach of forming the planar semi-conductor structure which forms 
an electronic carrier channel and an electron hole carrier channel The step 
which chooses a single crystal substrate, silicon, germanium, and silicon 
germanium, In order to pass said 1st layer of said layers, the step which forms 
two or more KOMENSHU rate semiconductor material layers which have the 
presentation chosen from the group which consists of those alloys, and which 



were formed on said substrate, and a current In order to pass said 2nd layer of 
said layers, the step which forms two or more n mold fields of said layers located 
in said 1st layer at least, and a current Said step which forms two or more 
KOMENSHU rate layers receives a tension strain further including the step 
which forms two or more p mold fields of said layers located in said 2nd layer at 
least. By it The step of said layers which make a conduction band lower than 
Fermi level which forms the 1st layer at least, and a compressive strain are 
received. By it The approach characterized by what the step of said layers which 
make a valence band higher than Fermi level which forms the 2nd layer at least 
is included for. 

(22) In the approach have a source field and a drain field and the electron 
mobility in a channel forms a high field-effect transistor The step which chooses 
a semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 
formation of the 2nd n dope Si1-xGex layer on said 1st layer, The step which 
carries out epitaxial formation of the 3rd non-doping Si1-xGex layer on said 2nd 
layer, It has the presentation chosen from the group which consists of silicon, 
germanium, silicon germanium, and those alloys. Epitaxial formation is carried 
out on said 3rd layer, receive a tension strain, and as the duplex degenerate 



conduction band whose electron mobility of a duplex band is the range of 
2000cm2/Vs thru/or 2500cm2/Vs in 300K, and 4-fold degenerate conduction 
band The step which divides a conduction band and which forms the 4th layer, 
and the step which forms said source field located in said 4th layer at least, and 
said drain field, The approach characterized by including the step which forms 
the 5th dielectric material layer on said 4th layer, and the step which forms a 
gate electrode on said 5th layer. 

(23) In the approach have a source field and a drain field and the electron 
mobility in a channel forms a high field-effect transistor The step which chooses 
a semi-conductor substrate, and the step which carries out epitaxial formation of 
the 1st relaxation Si1-xGex layer the range of whose germanium molar fraction x 
is 0.20 thru/or 0.5 on said substrate, The step which carries out epitaxial 
formation of the 2nd Si1-yGey layer in which the range of the germanium molar 
fraction y is 0.5 thru/or 1.0, y-x is larger than 0.2, and a compressive strain is 
received, consequently an electron hole is confined on said 1st layer, The step 
which forms said source field and said drain field in said 2nd layer at least, The 
approach characterized by including the step which carries out epitaxial 
formation of the 3rd silicon layer on said 2nd layer, the step which forms the 4th 
dielectric material layer on said 3rd layer, and the step which forms a gate 
electrode on the 4th layer. 



(24) How to form the field-effect transistor of a publication in the above (23) 
characterized by including the step which carries out epitaxial formation of the 
5th Si1-zGez layer the range of whose germanium molar fraction z is 0.20 thru/or 
0.5 between said 2nd layer and said 3rd layer further. 

(25) Layer structure given in the above (1) characterized by including p mold 
field under the field of n mold transistor in order that said 1st layer may prevent 
the parasitic current in said 1st layer or below said 1st layer further. 

(26) Layer structure given in the above (1) characterized by including n mold 
field under the field of p mold transistor in order that said 1st layer may prevent 
the parasitic current in said 1st layer or below said 1st layer further. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the top view of one example of this invention. 
[Drawing 2] It is the sectional view which met the line 2-2 of drawing 1 . 
[Drawing 3] It is the graph which shows the energy of the electron in the pars 
basilaris ossis occipitalis of a conduction band as a function of the distance over 
a gate electrode with the forward gate bias Vg. 



[Drawing 4] It is the graph which shows the energy of the electron in the 
crowning of a valence band as a function of the distance over a gate electrode 
with the negative gate bias Vg. 

[Drawing 5] It is the outline circuit of CMOS inverter 9 shown in drawing 1 . 
[Drawing 6] It is the top view of the 2nd example of this invention. 
[Drawing 7] It is the sectional view which met the line 7-7 of drawing 6 which 
shows the 2nd example. 

[Drawing 8] It is the sectional view which met the line 7-7 of drawing 6 which 
shows the 3rd example. 
[Description of Notations] 

9 CMOS Inverter 

10 Field-effect Transistor 
12 Drain Field 

14 Source Field 
16 Gate Electrode 

20 Semi-conductor Substrate 

21 Up Front Face 

22 Planar Hetero Structure 
24 Top Layer 

26 P Mold Field 



27 N Mold Field 

28 Trench 

32 Si Layer or Si1-ZGez Layer Which Receives Tension Strain 

34 Relaxation Layer 

36 Thin N Dope Relaxation SiGe Layer 
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34, 36, 38, 32, 40, 30, 42, i5<fct/4 

?.c ^u— 7- • -sypmjg2 2±tcti, y-Mii 6 

0 , y-h «<iH^Ml§)t[c U «t <9 J?v ^ttWBg^^^rffM 
D#,3iS2 2T'{±, O--r^^rffifflLT5 :J >'WXC0ttfig^(Rj 

±.z-e%>o •^umfe2 2<Dm^<owmt.. 
-r^t)-^, pmmmhgkb^yy'xz i isfc 

tiPMO Sy>WXi:, n§y«W5%Sh7>'v''X^ l l 
S N M 0 S y ^ ■< X fC X -y ^ V y t atR Wfigg t ^ 

Shsn^ctT'Wo yu-y-^ya^2 2 
mys^p^s i -cmo sM®tca^-ri.^ 

[0 0 2 4] IS^PS i -MO SSSO«fc3'5:F-e>'y 
1 Ofe^tfriSyttW^mF^V^X^ 1 lcot^vMi* 
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mmm k in * r , f - t? y y k <t s * © u £ v mi we 

fJ^tfl/l-TSC^T^So ru-t • 'Vf-P*Bfi2 
2T*&, 0. 3V^L0. 5 VOffigBOWWWfcl,* 

vMSttE*i§ii;7V— • 'N-5 i D«igaafi-raBitf sc. 

T, nStSffllb^y^^ • y-h«®l 6tpS 
mt S So nSIWMh7y>*X^10fc 

s o n mmmm v^y *jt> * & <t t/ P sm^m** h 5 

1 7{Cj;0jfiV^g3 OlC&ST'V— • AfD«l2 2 

[0 0 2 5] m2*&m?Zt, GefflfiK#20 
%&<^L5 0%O«5HT*S5i^fPS i G e^77ri3 
4 2 0 CD±g|5gS 2 1 It'lfi^tTI/^o >Vy 

7ri3 4 nmm. F-tfy^^L-c^ft^ffitc-rsc 

[0 0 2 6] S3 4%ffMLfdl« S3 4 cDHgp^ fete 
^cDjfi<fC, JS^l 0 0 n m&I^L 2 0 0 n m©SBH 

<d p gi^us 2 6 P §«& 2 6 ow^wtcs 

-fx&^mciiaa-rs Fw'ywi 2fe«tr/v-x« 

lUc 1 4 (DTI* 1 c m-2&t^ L 2 X 1 0 12 c m^cOSEST" 
&S„ ««2 6ttfti:Atf, J*y'&Xt : ?:n\zm.<T 

it, jgiHc^-yft^ftfcvx^cjcoTffM-f Sc 

Xjg^i: Fb^>^ora^feSii3 4 Sfcf±iBtR2 0 

[0 0 2 7] £P>K % S3 4 *&l£.Lrc'&. S 3 4 CDJI 
g|5$fcti^cD3fi<^, JP£tf 1 0 0nm^L2 0 0 n 
mCDfEfflcD n m&m 2 7 «rJg«-T S» n 3M«c 2 701 

C0TT 1 c m- 2 ^ L 2 x 1 0 12 c rrr2<DtEBT-£>So 
m&2 7lttztx.l£, ■<*>mAt ; ttilcM<T--V 
>tnc£r>T&l$.-t%C.£tfT*%2>o ffl&2 7 it. 

[0 0 2 8] ^mK>Xyf^^f^> S i S^fctiS i 



,_ Z G e z S3 2TO«^K)AWSL^ 1 t>(DlC^S{iif 
Wl^a^Wil^^^ffl^-t+SfcfefC, *gftlS3 4 
<D±gMf±T'n K-^WftS i G eftW/3 6£/Sfi£ 

[0 0 2 9] «?*5<fct>*IE?L*^Cji46€.nSO(i, * 
n^" tX(DST-CD? |?g t) WffrtS «fc tf/IISU-f ^cDfcSST' 
feSo S©±gpaS*5«fct>*Ta5affi©¥ffiKfcttS£ffc 
W^ft^Kti, H2T?tiJ13 4T?fe*HO±Elfldtfc 
J;otftS?n5 0 1^^^1/13 2^ Geffil?; 

&f**Stt«ff, lEJL^-V^SS Ott, GeW 

tf, S i ©»f S»«t 0fe«4 %fctt*t&*&?5£&£ 

wrsrcfetcfg^-rso 

[0 0 3 0] S3 e^tDF-z^h^rS il3 2*>6^ 

silts 3 2ic$5^Tmm?mmmttmft-?z>rz&>ic, 

n F-7S3 6±T'»V^ft^F-7 p S i G el3 85: 
fiJtS^-ttSo S3 8(i, 0 nm^L4 nm<D8EB<OJP 
S^-TSCt^T'tSo 3l3SOO-r*«:Stt, nSl 
W^lS t- 7 y ^ffl© n Sf- + i: LT»< S if 
JfcliS i !_ 2 G e z !3 2«rS3 8±T'fiRS£-£So S 

1 SSfciiS i j_ z G e z !3 2±T»l/^ttft S i G eS 
4 0 5:fi)cS^-<iS„ S3 8 fe«tt/ 4 0li> yVl/V-^A 

^2 o%^L5 o%o«5HT*«ti/->->u nvty^v^ 

^AOlsIUiSsi^^^-rSCii^T^So ->Ur3>B$fc 
tiS i !_ Z G e z S3 2JC?|?i(?0-f*«:#x., SiGe 
S3 8fe«fct/4 0%Iffit5, 

[0 0 3 1] p§a«^«F^>^^fflopS^-v^ 
;H:LTK, ff«IO-r**SttSS t G e»3 0*» 

4 0±tll^t§o S3 0^C*3^/^T, y^l/V^AcD 
fflfiKti, 5 0%^v~>L 1 0 0%<D$nm?$> Ox fci:x. 
If, 8 0 %T?«fcV\, 

[0 0 3 2] ftg^SECTT'«, S3 0t±, SrtT'^Ifi^: 

0. 7 5 G efrCK S<D±S15T*<0**10. 5GeST*> 

•rs, y;uv^<7A#-#fi^-rsci:^T*^So to 

if.i!i*t#p.nss 3 o (f<o4gEMfrt>1* *fc43Ef**ffifl 

03fi<{cIE?L^ffiH)*fe-rSB!i^t^ l 3, *OtSS, IE 
?L<D*£!!)J«tf|pJ±-fSo 

[0 0 3 3] ffeOSSv^ftlS i GeI42?:l3 0±T' 
figg^-ii-So S4 2tt, S4 Ofcl^CiH^Wrsci: 

S3 0fcOSIT*t>f*5:#^.. ^tllCto 
T, fiBW^^^+V^^ *<O^S, IE7L^S3 0 
{cffli;iA46SJ:^ti:(i!)< 0 S3 0 teEMTyffrlk&tf 
So ->'J3V • *+-y^l4 4 g&CQ±g|SSlffi±t:fc{± 

5 & r> IZ. •>U3>-+t77"l444l42 ±T-fi)cfi 
2-l±So 5nm^Ll OniTiOKorilkWfi 

2 4«r->u=i>4 4s±{c^-rso — m<t j r^mm2 
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4 I4 % SffilRBWbSrffiffl LT 6 0 0<>C ft^L 7 0 0<>C 
©MJiT'jfcfi {baffle «fc^>T 6 5 oo 

C «fc 9 fc«^fiflE1?W«« CttTt«o P + # 'J 
i/ijny-y-H 6%l2 4±?BSfi?-e5. P + # 
iji/gay-y-M6 (4, ftflJte?^ >y -y 

14, ^gEe^n-teXtO. U^ny^v^LO. 

KioT, J&S-rSC 

[0 0 3 4] 13 0*5,fctf3 2t4, 3nm^L7nm 
©WHOjfS&frrSC JB 3 0 JB 3 2 CQ 

McQl4 0t4, 0 nm&l>L 5 nmOSEBcDjp^^rr 
SLttft'tSo 13 6, 3 8, 4 2(i, 3nm&V>L 

4 4 14, 0. 5 nmfcVL 1 . 5 n m<DfSBcDJp££:W 
tStfctfTfio JB4 414, JPf€?.Ji-&. n§y-r^ 
-fXilO^f^WiJSt^-V^^^^^o 14 614, 5nm& 
i^L 1 0 nmO^EHTJcv^ 
[0 0 3 5] 3l369th-$*ai*§W-3 S i £fct4S i j_ 2 
Ge z «S i Gel±fc^fiEU ffiffit>-r**£»* 
i G el«ffiS i SfctiS i G e ±.lCftZf$.'$~ Z> C 
il^ttntl S ilSfcttS i ,_ z Gej3 2tSi 
G e JB 3 o <oiS575roe»Wte .fctffiiiWfflf*^ t < mt 
S^SCfctfffS. S i JBSfctiS i i_ z G ej3 2 

«fcOS5V^«ljet4> 300Kt'20 00 cm 2 /Vs4 
^I2 5 0 0 cm 2 /Vs, 7 7KT1 0 00 0 cm 2 / 
V s#V>L 1 5 0 0 0 cm 2 /V s©IEHT«tV\ C ti- 
le** LT, fi£3fcgi<E>n£Jh7>^X*«\ 30 0 KT?fi 
6 0 0 c m 2 /V 77 Kt*t5 1 5 0 0 c m 2 /V s CO 

ioT^BljfflflHC^HiLfc TElectron transport prope 
rties of Si/SiGe heterostructure: measurements and 
device impl icationsj (Appl. Phys. Let 
t. 63 (5) 2, 1 9 9 3^8^, pp 6 6 0^l 

6 6 2) tmtzWrtVaizmmzrLT^Zo 

[0 0 3 6] BEtSO-ra^SttS S i G e!3 0 OfflS* 

oT, f$lCiffiG e^WJl<DS i Ge, Sfctei&afC^o 
TUmfifis* G e rpcQ^-v */Mc»-o fcIE?L03iiJj(cra-f 

pItS?5J)*h7>> f X?<t:H 1 tfri«<*5Hr^14^ 
IbZJERMth&fc&Z* £«SnfcIE?L^fFCQIE?L^»J 
Jgti, 3 0 0 K-eii6 0 0 c m 2 /V s frl^L 1100 



c m 2 /V s CDiEfflTa&tU 7 7 Kt(i2 0 0 0 cm 2 / 
V s L 5 0 0 0 c m 2 / V s OffiiTfe5„ Cft£ 
CQ$BISK4, JP£ 4 n mt'fe5> U 3>^7 0 %X*Y)l 
•?-VL>tf3 0 %<Dfflj£eQig£©l 3 0 "Piffle Lfcfc© 
1?*So WSSnft^iSB, S i • P IfSMh7 

[0037] 0 3 W\ 13 2 ©GWffiOlSWTO*? <D 
x*/M?-&, IEcoy-h*EV B ^^oy-b«fiil 

6 ic*rt amnwaktLxmt 7 s 0 ih3t- 

-5:81, fflffiWtt. H2tc^;Lft:y- r-flffll 6«T 
<DSB7?[R]Ogg^«-ro #-<DW?<Dx*;l/^-t4, 
fli5 6K<toTS?ntl/^. Stp«l5 8(i, 132 
cpc07x;b5 • x^^^-^St. 03^^-TJ:^^, 
ffl*Hg|5 6 0(4, S3 2 !£<D«?<DX*;l>3r— A^x/I/S 
• X^V^-J: 0 <M£< , LfttfoT, £91 3 2 4UC 
S?tf§ftt5ilk^lT^5, ffl^g|5 6 2ti, 13 

ffl^g|56 4 t4, mimm2 4CQ-Rc£3TISI5i",l 
• + >y:/JB-c"-&3JB4 4 cpcom^cox^,;!/^— £ 
jjrfo 14 4 14, fMS95 6 0C4oT^^nf:t?X* 

yv^— *wr si 3 2 cDm^wmm^ v t>«v 

•v^;l/tc a FtT^^^^^;l/'e$>^Ji4 4;&iftn?><D£ 
RSC/fcfetC, JB 3 2 4><D«?(73m : ?xi?',;l/^— 14, (14 
4 ffcQVfcQx^l/^— <fc 0 fc{fi< 5^£T*fcS 0 
[0038] 0 4 {4, 130 tOffflH^-^COlW^TCOTl? 

LTSt^77T$S. 0 4T14, *$ffi4fU4, fiaS^O 
ffigp-C(D#— cDft^cOx^.;!/^— 8tJ£^H4, y 
-Mil 6lctHr%>m\M.J5fa<OVm*&-?<, BM^co 
HSBT'OVPOX^/l/^— «, ffi*H7 0 KJCoT^Sn 
TP5o ft^7 0t4, pSS«2 QKEiMtZ&o^m 
m-£riTlZ^%:\<\ SW7 2 14, ffiVB^if^co^ x;b 

s • x*;i^-E F £ii-fo ia«asu7 414, mmmi 2 

Lfc^cT, 13 0 cpcOfB*?^© 

3Sg|5T*co«?x^;l/^-(cWJS-r5o 
[0 0 3 9] E13*34:tJ : 0 4 (Ccfctltf, J£coy— h«EE 
K-^Ji3 6^€>«iii&?n^«^, 13 2T' 

e»"r*<. y-h*?i 6^ftco«£Ev g %wr^i© 

J^fc^CfV— xm^-r-^TO/13 0, 3 2, 3 4, 3 
6, 3 8, 4 0, 4 2, 4 4 J&fflSSMfcfSig^, ^~ 

i 6co j e-n j fno(aiJtcp5u^fc»4n3!Jo Ku-f> 

b 7 V ^ J ft tt p St#3ai« h 7 ? 
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m^femisztfrn 3 0 tpniEfu&mws v n >m 4 4 $5 
-Mit'r'fmmz 4^<D*^>)7&Atf{&ffi-£n. 

%o S i /S i O z nM4 7<Dt§£\ W^tD&WimtiK 
V g £f#tc fc 0 T 1£— 5£<D $ g T* 3 £ ^ 

js^ni.o ru-t • ^-ra#?jg2 2»iii£7«f$$(fcu 
> ^x * 43 <t a* p sw^n h7>-^^ <DM^m 
(cvd) M<tvo%Bf$.-rz£ttfT*z&a ru-t- 

"vf- nt$JI 2 2m y- h Iffi 1 6 ±<D1EJEfr e> <ds 

fre>T$>z>o f-cp^fj ->'J3> • y— h^pi* 

SMh^^X^in §y«W^m h 7 > v'X $ CD 

[0 0 4 0] 7°U— t • ^T-n^ifi2 2 fi, O-*"*^ 
S i/S i GC\rD»;l^TSttiCMOSf 

"\TD|g2 2ti, igJl&^fc<fctf{&tt*!i'NR»T-»j 

ifia*<s;<as©«\ t^*/k -r^fr^, 130*5* 

[0 0 4 1 ] n SWI^SftS H7^>"X^i:p SttlMSi* 

tt-l':*:/ • I7fy^" (R I E) J;oTff ^ CttfT 
■tirfcV— x • ^>^7>hfcJ;tfFW> • -r^y^y 

h #y- h wfficox <v v-'fc mt % £ ? tc , P smwjhj* 
h -7 > # *3 «j; t>* n h 5 > ->*x * y- 

h**HcWLTUa»5»J"r*. CMO S[llSSi:|H|fStc, 

Snft, IBJilfc-i'://*— *fcfc3o flfioaSiffly— Ki, 
NAND, NOR, 7'J >y 7 • T7n -y ySriffc^fiJcTS 



[0 0 4 2] 05*#mtv CMO S-f 9 
cDMBSlSISS^^nTi/^o y— FWSl 6*5j:tf 1 7 

a, ^9icAX3^a«-rsfcJ6fcj-K$S7 7 

1 0*5«fcl/l lOKWvaKl 2*5j:tfl 3t±^-n^ 
ft, W*l*ffi«"rSfe«)K:U-Ktt7 8^/MTtl5t 
^StlT^S, h7y->*X^l lcDV-Xii, 1EV 
3 Afc 'J -K«7 9 £fr LTg^?nt^ 
So h^yi'X* 1 OcDV-Xti, «ffi$fclifficO«))i 

F^v'X* 1 OH, 113 2tCffM5tlfcn3^-^ 
^;l/*fU b^^X^l Hi, S3 OtcffM^ftfc 

pSfA'^^tt^o 

[0 0 4 3] 06H, t»Mh7y->*X^ 8 2«r^T 
*^(D^2£Oj|i66flaj(D I F®iaT'fe?.o l^M^y 
->*X?8 2tt y— F«£8 3£, KWVli8 4 

y-xl!8 5i:^«, lWMh7y->*x^ 
8 2t±, BI7tcS¥ffl(c^Lfc7°U-y • ^yniH3i8 8 
LTMSnt^lio 0 H6C0^7-7lcrft-3 
fcWffiUlT'^^o 121 7^*5^X1*, 0 1 *3ctt( r 1112{cW 

ts-r s was**.!: tf wia**fia??^ft^ffl lis 

So 0 7ii, St© n t *;H»M h 7 y ->*x ^ 

h-7>i>"X^ 8 2 L^L,T^Sl\ 
[0044] 0 7(i, JB3 2'\cD-f'^-yaAtCj;oT, 

jgBKsn, rctx.i£, y-nc^ij-rs, niwHn 1 

yfM«9 1 fcV-Xf!«9 2 fc^WrSnSWW^h 
7>^X^8 2^-To *»#Ifi2 0(4, ^<D±SI5S 
ffi2 1 ±tllijf*-> + ;WKl«3nfcS 1 ©ilfiffiS i 
,. x Gej3 4^tt§o llT, xliO. 2 0^L 
0. 5 cD®5H"(?feSo I20n F— 7"S i ,_ X G e x JB3 
6«, 13 4±{CXlf#*^*;WlM£n-CV>5o S3 

6^fiSt-rstfftc, Kf*oKn , y|W9 it3«fca*y- 

X^l§?9 2©T(Cp§y^i§?2 6WU i3 4$lttt 
lS20^LTFWyl«9 1 fr5V-Xi«9 2 

§g3(D^F-7 P S i ,_ X G e X S 3 8 li, S3 

S, ^/itiG e^ztfxiOt'J^&S i ,_ z Ge z i 

3 2ti, 13CDI3 8±fcxtr^4-j/-vyi/jgfi8?n, ; e 
ntcfc-sT, s 4 3 2 #3 1® 

300KT 2000c m 2 /V s ^:V^L2 5 0 0 c mV 
VsOi5fflT-^So -^fty^^^if, ^5£Di^««^ 
I2 4(i, SI 4 ©S 3 2 <D±g|5gffi± 4 8 lc&m?znx 
y— h*«8 8 3«, ^5COl2 4±fCff$fig^tT.T 
V^?> 0 n§yfM^9 1 fccfct/g 2(±, @7lC^L/c<J;9(c 
S3 2cti<Dy— bMM8 2cDMliJfCffM5nT»/^a S 
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4 4% Emi^> v 3 zsm*m 32 tm 2 4 oratc/nts 
&TM2 4 tn&v&mftftffizmm-rzcttf-Fz 

Co 0 4 5] 08«, m3<Dmmm^-rmQ(Dm7 - 

6fi, y— bWM9 7£, W^yMMQ 8 V-X 
*fil9 9 t*^-?Z> pMcDt,<DT*$>%> 0 YU^ynMQ 
Sli, pMXh^ FU'O-mill 0 5tCttStf$f&U V 
-X«&99t±, pS«T$.§V-Xfil^ 1 0 
to-Ti> 0 FU-rv^ 1 0 5*3.J;r>*V-XMfi)c 1 0 6 
li> J14 4%/Mtl3 0l*F\5£tf3o FU-fyH^l 
0 5fcJ;t;y-XfSJ|!c 1 0 6(±, Y-hlcmmL. -Y* 

>>"X£9 6ti> ^**;H o 0^fcit^y-xm@i 0 

6 1 y \s4 ymm 1 o 5 <Dm<DiEiL®mmtf^\ 

[0 0 4 6] ISMhvyv'X? 9 6ti, It<Dl 1 
0 3*mx.Z>yi'-i- • ^-rn^jgl 0 2T'JTM£tlT 
mnvhmh^yzsxz 9 6fck, ¥iftli2 0 
8«2 0±{cxe**~>^/l,m/££nfc?i! l <D*f*n 

5 i ,_ X G ej3 4 ££MI*.Tl/">S 0 CC1T\ xtiO. 

2 0&</*L0. 5<D%&m?&&o %52<DS i ,_ y G e y Jl 

3 0(i, ^ 1 (D«3 4±fCXtf^^v-^^fFM^nTl/> 
?><, Ge^ytiO. 5 L 1 OiEHT$> 
•3, 1-xtiO. 2<fc9fc:*:i*<> ^nicJc^T, §12 
<DJ13 0«:, JSflU--f^£:§l}\ ^<Dmm, IE?L*^2 

oiiti:rai;jA46e.n?.c S!3co^';=iyjffi4 4«, ^2 

-rm*z. w, 4 (Dmwtfwm 2 4 gi3<D/f4 4±tc 
M?nii<^. y-h*<i9 7ii, m4com2 4±.\z 
jfM^nxv^o f u-r yf5WsK 1 0 sfeitfy-xftJsic 

10 6tt« S 2 COB 3 0 33J:t/gS3cDJi4 4 cfcoy- F 

tl9 7cDK»;:ffM£nTv^ 0 fw >ffiW\ o 5 

*3 il/y-XMUUc 1 0 6 COTCOm 3 4 tHCjf 3 4 £>±g|3 
SliWifr h n Sy^iHc 2 7 ^JgfiSt LT, i® 3 4 S fctiSttg 2 

o f u-r ys« io5t v—TMW. i o 6 <vmcm 

£.W.VHti*tf(Lft%><D*ffi<;*£ttfT'%%o n§y^2 7 
te. J13 4£JfML*:J&tc, vX^^Lfct£Sx^^:« 

* y ft Ate j; o TflM-r £ c *: ft*?- 1 s„ 

[0 0 4 7] p^flW^JflFvy^X^fcitfriSMW 
Mh7>->"X^ffltf)m ^e.O"(Cpi!i*W^F7 
y v'X £ 43 J: tf n §y*W^S h ^ y ~y'X 0--f 3: -t± 
fcS i mis£VS i /G em^tsfly-i- ■ 'Nfnl 

[0048] zti&tLT, *ftm<DmmcmLruT 

[0 0 4 9] ( 1 ) nIl^J)*h7>->*X?i: pSl 



WaSFvy^X^cDi^73ffl<D«^ig(Ct5^T, 
Klfii:, Ge»$xtf0, 2 04^10. 5(D3iEHTfe 
3, iTaE»1£±lcxe**:^;WFM£nfcg$ l co^?q 
S ij_ x Ge x Si:, fuI23l 1 £DB±fcxt!^^->-v;l/ff^ 
fi5t^n7i^2CDn F-7S i !_ X G e x Jli:. itulES? 2 <D 
Jl±tcxe^ + v'-v;bJfM^nrc^3cD^F-^S i 
,. x GeJi:, i^'Jnyi:, Wv-'JLi:, i"Jrjy 

£ n/tffifig^W U fuf2fg 3 <Dg±fcx tf * 

fig^n, §l?i'9D--r^^:S^i), l4<Dft > m!fEfg4 

<D®±tcxtr^^^Y;UffM^n/cm'5cD^fqs i ,_ x 

Gejt Ge»$ytf0. 5ft^Ll. 0<O9SHT* 
$0, y-x^0. 2«f9tA*<> ^^(Cct^T, E 
SlO-f^SO'?., i,_ y Ge y ili:, mfl2ll6 

<Dm±\c^z*^*;iBf%-£nrcm7<Dmms i ,_ x 

Geji:^ miI2^7 0e±ti:xtr^*~>-v;HfM?n 

rem 8 'j3>ii:> sutem 8 <Dm±.^mzr\rz.m 
9 omnium tfrzinzmw&o 

(2) $e>tc, Y-bWMttBltt?2>ttiblc s windM9 

Mtri.±ie (i) ic%m<Dmmmo 

(3) ^p>fc P mwmmh5yi?xtittBf$.Tz>rc 
'>^c < i: 1 1 ooy— bmrn^micffimm 6 o 

?2>±M (2) lc|S«Oil^Jgo 

(4) '>^< ^feSijfe^2»«{cteB-r^pSJ 
« y-xlSJsSts .ttfKW yffi^^ria-ty c t t "T 

^±IB (2) tfB«cC0B«3£o 

(5) $P>{C, n§y«^*h7y-yx^^^fi!t-r§fc 
'>^:< t & 1 ocoy- FM^WIiJtcSffEm 4 © 

JBfr ?»SijHBm 8 nmicmz n StMi^^^tyc ^r#m t 
.TS±3a (2) fcffiiScOBiijfio 
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